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ABSTRACT
Introduction: The Brazilian Public Health
System offers free-of-charge drug treatment for
ankylosing spondylitis (AS) to all Brazilian
citizens. We report here the first
population-based cohort study on patients
with AS in Brazil. The aim of this study was to
evaluate the costs of the tumour necrosis factor
(anti-TNF) blockers and disease-modifying
antirheumatic drugs (DMARDs) that were used
in the treatments of patients with AS in Brazil
between March 2010 and September 2013.
Methods: A retrospective cohort study was
performed using administrative databases. All
patients with a diagnosis of AS who were aged
18 years or older and had been dispensed
anti-TNF or DMARDs were included in the
analysis. The cost analysis was carried out
from the health system perspective, and the
results were described as median monthly cost
per capita and the annual cost over the study
period.
Results: A search of the databases identified
1251 patients with AS who were treated during
the study period, of whom 63.3% were male;
the median age was 41 years. During the study
period, 78.0% of patients initiated treatment
with anti-TNF drugs and 22.0% with DMARDs.
The median monthly cost per capita was US$
1650 for anti-TNF therapy and US$ 25 for
treatment with DMARDs. Among the anti-TNF
drugs, therapy with etanercept was associated
with the lowest cost per patient, followed by
adalimumab and infliximab. No difference in
monthly cost was observed in relation to gender
and age.
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Conclusion: The cost per patient of treating AS
in this study cohort was lower with etanercept
than with adalimumab and infliximab. These
results highlights the economic burden of
treating patients with AS.
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INTRODUCTION
Ankylosing spondylitis (AS) is a chronic
rheumatic disease that affects the spine and
sacroiliac joints, causing pain and
inflammation. The global prevalence is
between 0.1% and 1.4%, and patients with
active disease may present diminished physical
functioning due the loss of lumbar mobility. As
such, AS can also affect patient quality of life
and participation in paid and unpaid work. It
can also be an important component of
healthcare costs [1, 2]. The estimated annual
indirect costs of AS were reported to range from
€3188 to €8862 per patient in the Netherlands,
France and Belgium, while the mean direct costs
were €2640 per patient/year, with 13% of the
costs related to drug expenditure [3]. In Brazil,
the estimated direct cost of AS treatment was
US$21,091 per patient/year in 2011 for
outpatients of a rheumatology service.
Medications accounted for 96% of the cost,
and 63% of patients were using the tumour
necrosis factor blockers (anti-TNF) infliximab,
etanercept or adalimumab [4]. The anti-TNF
drugs are second-line treatment for AS and are
used in patients whose disease activity remains
high despite the use of nonsteroidal
anti-inflammatory drugs (NSAIDs). Other AS
therapies include disease-modifying
antirheumatic drugs (DMARDs), such as
sulfasalazine and methotrexate, for patients
with peripheral arthritis [5, 6]. Following the
introduction and wide-spread use of anti-TNF
agents in clinical practice, the drug costs have
increased and become the most important
driver of direct costs in the management of AS
[7].
In Brazil, patients with a diagnosis of AS
have access to free-of-charge medical care and
drug therapy through the Brazilian Public
Health System (SUS). The anti-TNF agents
have been available since March 2010
through the Specialised Component of
Pharmaceutical Service. The Brazilian health
system is a complex network of
complementary and competitive services that
form a public–private mix. The SUS is based on
principles of universality, integrality and
equity, while health care is also provided in
the context of liberal practices to a limited
segment of the population, usually those with
higher purchasing power. The SUS covers
physician visits, hospitalisations and
medication and spends 50% of its total
allotted national health expenditure (8% of
the Brazilian gross domestic product in 2013).
Approximately 25% of Brazilians have private
health insurance, which does not preclude
them from also using the services provided by
the SUS, especially for high-cost procedures
and medicines that may not be covered by the
private insurance plans [8]. To the best of our
knowledge, no population-based cohort studies
on drug cost in the context of the SUS have
been performed. The aim of this study was to
describe the drug utilisation pattern and the
cost for anti-TNF and DMARD therapies in AS
patients in Brazil between March 2010 and
September 2013.
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METHODS
We performed a retrospective cohort study
using data obtained from SUS in Minas Gerais
(MG), a state located in the southeast of Brazil,
with approximately 20 million inhabitants
(10% of Brazilian population). We used the
Authorisation of High Complexity Procedures
of the Outpatient Information System (APAC/
SIA) database that records pharmacy claims of
the Specialised Component of Pharmaceutical
Service. The inclusion criteria were patients (1)
identified with AS based on ICD-10 codes M45,
M46.9, and M46.8, (2) C18 years of age and (3)
who had been dispensed anti-TNF agents
(adalimumab, etanercept or infliximab) or
DMARDs (sulfasalazine or methotrexate) at
least once between March 2010 and June 2013
and then followed up until September 2013. We
considered these patients as new users, since in
the context of SUS the anti-TNF agents become
available for the treatment of AS in March 2010.
There was a possibility that some patients
received medication through the private
system prior to cohort entry, but this
information was not available for analysis.
For each patient we retrieved information on
gender, age (at the time cohort entry), region of
residence and income per capita. This latter
variable was obtained from the linkage between
the postcode recorded in the APAC/SIA database
and the census tracts from 2010 Brazilian census
and allowed us to classify study patients into
income categories according to Brazil
Government’s criterion Brasil [Governo
Federal. Presideˆncia da Repu´blica. Secretaria de
Assuntos Estrate´gicos. Perguntas e respostas
sobre a definic¸a˜o da classe me´dia. (citado 2014
out 15). Disponı´vel em: http://www.sae.gov.br/
site/?p=13431].
We performed a cost analysis from the
health system perspective and included the
total cost on drugs, recorded in the APAC/SIA
database. We calculated both annual and
monthly cost per calendar year during the
study period, as well as the median monthly
cost per capita. The cost was stratified by drug,
gender and age. The prices of anti-TNF agents,
which are purchased by the Brazilian Ministry
of Health, were searched for in the Integrated
System of Administration of General Services
(SIASG) through the Health Pricing Database.
The prices of DMARDs, which are purchased by
the State Office of Health of Minas Gerais, were
searched for in the Online Portal of Products of
Minas Gerais. The prices were adjusted to
January 2016 based on the National Consumer
Price Index (IPCA-IBGE) and are presented in
U.S. dollars (January 2016).
We calculated frequency distributions for the
categorical variables and mean and standard
deviation (SD) or median and interquartile
range (IQR) for the continuous variables. We
applied the non-parametric Mann–Whitney
and Kruskal–Wallis tests for comparisons and a
significance level of 5% was adopted. The
analyses were performed using SAS version 9.4
for UNIX (SAS Institute Inc., Cary, NC). The
research protocol of the study was approved by
the Research Ethics Committee of the Federal
University of Minas Gerais, Brazil (ETIC
0069.0.203.000-11).
RESULTS
A total of 1251 patients with at least one
dispensing record of an AS drug between
March 2010 and June 2013 were included in
the analysis. There was a predominance of male
young adults in both the DMARD and anti-TNF
groups. Almost half of patients lived in the
south and central regions of Minas Gerais State,
including the metropolitan area of the capital,
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Belo Horizonte. The mean monthly income per
capita ranged from US$ 209 in the DMARD
group to US$ 240 in the anti-TNF group
(Table 1).
During the follow-up period, 41.0% of
patients initiated treatment with adalimumab,
31.8% with etanercept, 20.4% with
sulfasalazine, 1.6% with methotrexate and
5.2% with infliximab. The average annual drug
treatment cost for AS was US$ 4669,552 (SD US$
3385,870). There was an increase in the
monthly cost and in the number of patients
assisted each year during the study period.
There was also an increase in the number of
dispensations of anti-TNF drugs, which
accounted for 88% of all AS drugs dispensed in
2013. However, the mean cost per dispensation
remained similar between 2011 and 2013
(Table 2).
Adalimumab and etanercept were the two
largest contributors to the total cost of treatment,
representing 52.1 and 41.6% of the total cost,
respectively. The median monthly cost per capita
was US$ 1182 (IQR US$ 1077–1229) for anti-TNF
therapy and US$ 18 (IQR US$ 13–22) for
treatment with DMARDs. Among the TNF
blockers, etanercept was associated with the
lowest monthly cost per capita, amounting to
US$ 1067; in comparison, the monthly cost for
adalimumab and infliximab was US$ 1214 and
US$ 1435, respectively (p\0.0001 for all
comparisons among anti-TNF drugs). No
difference in monthly cost was observed in
relation to gender and age (Table 3).
Table 1 Baseline characteristics of patients included in the study according to initial therapy during the period 2010–2013
(N = 1251)
Variables Patient groups according to initial drug therapy
DMARD (N5 275) Anti-TNF (–DMARD) (N5 976)
Age (years) 39.0 (30.0–48.0) 41.0 (32.0–50.0)
Male 169 (61.45) 648 (66.39)
Per capita incomea
Extremely poor—up to US$ 30 0 0
Poor—up to US$ 60 0 0
Vulnerable—up to US$ 110 7 (2.75) 10 (1.11)
Lower middle class—up to US$ 160 39 (15.29) 63 (6.99)
Average middle class—up to US$ 230 93 (36.47) 284 (31.52)
Upper middle class—up to US$ 370 76 (29.80) 344 (38.18)
Lower-upper class—up to US$ 900 36 (14.12) 161 (17.87)
Upper class—more than US$ 900 4 (1.57) 39 (4.33)
Median (real, R$) 209 (169–290) 240 (196–235)
Values are presented as the median, with the interquartile range (IQR) in parenthesis or as a number with the percentage in
parenthesis
DMARDs Disease-modifying antirheumatic drugs, TNF tumour necrosis factor, IQR interquartile range
a The income per capita was stratiﬁed according to a classiﬁcation elaborated by the Brazilian Government
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DISCUSSION
In this study we evaluated 1251 patients with
AS who had received treatment in Minas Gerais
through the SUS during the period 2010–2013.
We observed a gender and age distribution
similar as to that described in the literature
[1]. Most patients included in the study cohort
had initiated AS treatment with adalimumab or
etanercept, which were the most frequently
dispensed drugs during the study period. Few
patients had been dispensed DMARDs, which
are primarily indicated for peripheral arthritis
that affects about 20% of AS patients [1, 2].
The mean monthly cost for AS drug therapy
increased from 2010 to 2013 due to an increase
in both the number of patients with AS who
were treated and the frequency of dispensation
of anti-TNF agents. The estimated annual drug
cost was US$ 10 million in 2013, which


















2010a 16 74 46.7 283,320 28,332 384
2011 50 322 76.8 3,727,350 310,612 966
2012 79 594 84.3 7,147,403 595,617 1003
2013b 120 841 88.0 7,520,134 835,571 994
a Between March and December of 2010
b Between January and September of 2013








cost per capita (US$)
IQR (US$) p value
Drug
Adalimumab 573 9,727,968 52.1 1214 1188–1243 \0.0001a
Etanercept 459 7,766,544 41.6 1067 1033–1098
Inﬂiximab 83 1,123,960 6.0 1435 1345–1504
DMARD 302 63,472 0.3 18 13–14
Gender
Male 816 12,591,889 67.4 1041 1027–1218 0.3425b
Female 435 6,090,054 32.6 1031 971–1215
Age (years)
B41 648 8,330,158 44.6 1016 701–1219 0.9801b
[41 603 10,351,785 55.4 1048 1028–1214
DMARDs Disease-modifying antirheumatic drugs, IQR interquartile range
a Kruskal-Wallis test
b Mann-Whitney test
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represents 1.7% of the total Minas Gerais State
health budget for prophylactic and therapeutic
programmes. The median monthly cost for
anti-TNF treatment was US $1182 per patient,
with etanercept associated with the lowest cost,
followed by adalimumab and infliximab.
Azevedo et al. [4] estimated that in Brazil, the
mean direct cost per month for AS in 2011 was
US$ 1758 per patient and that anti-TNF drugs
accounted for 96% of these expenses.
An observational study using US healthcare
claims reported lower costs for etanercept and
adalimumab compared to infliximab (US$ 1279,
US$ 1504 and US$ 2002, respectively) between
2005 and 2009 [9]. A similar trend was observed
in Spain, and the mean patient–year costs were
lower for etanercept (€10,516) and adalimumab
(€11,934) compared to infliximab (€14,235)
[10]. To the contrary, an Austrian study
reported no significant difference among the
three TNF blockers, and the monthly cost for
drugs per patient was US $1142 in 2007
(anti-TNF drugs accounted for 95% of that
amount) [11]. In 2010, the National Health
Service (NHS) in the UK withdrew infliximab
from the list of recommended drugs for AS
treatment following new evidence of reduced
cost-effectiveness compared to etanercept and
adalimumab [12].
In comparison to DMARDs the anti-TNF
drugs are very expensive, but the costs of
treatment can be balanced with potential
long-term cost savings. Since AS is highly
prevalent among patients in the most
productive age ranges, indirect costs are an
important driver of total costs on AS therapy
[4, 7]. Treated patients can expect an improved
quality of life and a cessation/modulation of
disease progression, potentially decreasing both
the direct costs of the disease, including use of
other medications and health services, and
indirect costs associated with disability, early
retirement and sick leave [3, 4, 13]. In Brazil, the
annual per capita indirect costs due to AS have
been reported to be US$ 3623 in terms of
retirement and US$ 2451 in terms of sick leave
[4]. Nevertheless, another Brazilian study
focusing on patients with rheumatic diseases
reported that after 6 months of treatment with
biological drugs, the quality of life improved in
the sample as a whole and in participants with
AS. In addition, those participants with the
poorest functionality at baseline exhibited a
greater improvement in quality of life relative to
those participants with a better functional
status at baseline [14].
Given the relative lack of head-to-head
studies among anti-TNF agents, there is to date
no consensus on which drug has the highest
efficacy in terms of AS treatment. A 2-year
randomised open trial reported no differences
between infliximab and etanercept therapy with
respect to disease activity, lumbar pain, physical
function and inflammation [15]. A
meta-analysis of randomised controlled trials
showed similar results for adalimumab,
etanercept and infliximab, and further analysis
applying a mixed treatment comparison
corroborates this evidence, as well as
observational cohort studies [16–20]. Based on
these results, both Brazilian and international
recommendations do not indicate a preference
for any one of the drugs available for the
treatment of axial disease manifestations
[5, 6]. However, drug cost should be one
criterion for the choice of appropriate therapy,
and—according to our results—etanercept
would seem to be the least expensive of the
available drugs, possibly providing a
suitable option. A further analysis should
involve a cost-effectiveness approach to
compare etanercept and golimumab, a new
anti-TNF drug that has not been incorporated
into the SUS.
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One limitation of our study involved the use
of administrative databases. Data on other
medications used to treat AS, including
NSAIDs, were not available in the
administrative databases used in this study.
Moreover, the APAC/SIA is a database that
contains records of the production and
payment of outpatient procedures and has
limited clinical data. However, other studies
have demonstrated the validity of these
databases in tracing the trajectory of health
assistance beneficiaries in Brazil [21, 22]. The
strength of our study is that we used a large
community-based sample to describe drug
utilisation and to estimate drug costs in AS
patients in a real-world setting. Therefore, we
believe that our results can be applied to
improve economic assessment as well as to
implement and evaluate public health policies
related to the treatment of AS.
CONCLUSION
Patients with AS in Minas Gerais, Brazil, were
most often prescribed adalimumab and
etanercept between March 2010 and
September 2013. The results indicate an
increase in the coverage of the AS therapy
program in the Brazilian Public Health System
and a growing demand for anti-TNF agents.
Therapy with etanercept was associated with a
lower cost per patient than adalimumab and
infliximab. This study highlights the economic
burden of treating AS patients and provides data
for further cost-effectiveness analysis.
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